Objective: The objective of this study was to review the literature regarding the effectiveness of neural gliding exercises for the management of carpal tunnel syndrome (CTS). Methods: A computer-based search was completed through May 2014 in PubMed, Physiotherapy Evidence Database (PEDro), Web of Knowledge, Cochrane Plus, and CINAHL. The following key words were included: nerve tissue, gliding, exercises, carpal tunnel syndrome, neural mobilization, and neurodynamic mobilization. Thirteen clinical trials met the inclusion/exclusion criteria, which were: nerve gliding exercise management of participants aged 18 years or older; clinical or electrophysiological diagnostics of CTS; no prior surgical treatment; and absence of systemic diseases, degenerative joint diseases, musculoskeletal affectations in upper limbs or spine, or pregnancy. All studies were independently appraised using the PEDro scale. Results: The majority of studies reported improvements in pain, pressure pain threshold, and function of CTS patients after nerve gliding, combined or not with additional therapies. When comparing nerve gliding with other therapies, 2 studies reported better results from standard care and 1 from use of a wrist splint, whereas 3 studies reported greater and earlier pain relief and function after nerve gliding in comparison with conservative techniques, such as ultrasound and wrist splint. However, 6 of the 13 studies had a quality of 5 of 11 or less according to the PEDro scale. Conclusion: Limited evidence is available on the effectiveness of neural gliding. Standard conservative care seems to be the most appropriate option for pain relief, although neural gliding might be a complementary option to accelerate recovery of function. More high-quality research is still necessary to determine its effectiveness and the subgroups of patients who may respond better to this treatment. (J Manipulative Physiol Ther 2017;40:50-59) 
INTRODUCTION
Carpal tunnel syndrome (CTS) is the result of an irritation, compression, or stretching of the median nerve as it passes through the carpal tunnel in the wrist. Symptoms range from pain (mainly nightly) 1 and paresthesia to thenar eminence muscle atrophy [2] [3] [4] [5] [6] This syndrome represents the most prevalent neural injury in the general population (1-4%) [7] [8] [9] and workers at risk (15-20%) [10] [11] [12] (those requiring repetitive movements of the wrist and fingers such as typing, nursing, and cleaning), whose tendency to become chronic patients has an economic impact because of work absences and surgical treatments required to improve the condition. 7 The initial phases of the conservative treatment methods require corrective splints in the wrist while neutral or in an extension position, electrotherapy with ultrasound or laser, or manual therapy and exercises. [13] [14] [15] [16] At severe stages, authors recommend surgical procedures. 14 However, the unclear etiology and the frequent chronicity of CTS make its clinical approach controversial.
Recently, several studies reported optimum results with the use of neurodynamic mobilization as a conservative treatment, with neural slipping helping nerve mobilization in relation to musculoskeletal tissues. 2, 17 The biomechanical effect of the treatment would restore neural mobilization by decreasing the edema and adhesion in the carpal tunnel. 7, 18, 19 Because of the chronicity of CTS, studies also described neuromodulator effects from neural mobilization techniques such as the decrease in nociception of the median nerve; reduction in algogenic and pro-inflammatory substances 20 ; and reversibility in the pain pathways previously modified. Consequently, peripheral and central sensitization may decrease and descending pain modulation might occur. 21, 22 To our knowledge, however, the clinical effectiveness of the neurodynamic approach remains unclear because very few studies to date have analyzed this approach to the treatment of CTS. 18 The aim of the present study was to review clinical trials regarding the effectiveness of neurodynamic mobilization of the median nerve in patients with CTS.
METHODS
Our systematic review was guided by the PRISMA (preferred reporting items for systematic reviews and meta-analyses) statement. 23 The research strategy included all clinical trials regarding the neurodynamic treatment of CTS. The following criteria were included: articles on participants aged ≥18 years with a clinical or electrophysiological diagnosis of CTS; and articles on neurodynamic mobilization as a conservative method for CTS treatment. Excluded from this review were articles on participants with systematic diseases, degenerative joint diseases, musculoskeletal affectations of the upper limbs or spine, or pregnancy; and articles on surgery as a treatment method for CTS.
In the computer-based search, authors considered MEDLINE, Physiotherapy Evidence Database (PEDro), Web of Knowledge, Cochrane Plus and CINAHL, up to May 2014. The following key words were employed: nerve tissue [MeSH], gliding, exercises, carpal tunnel syndrome [MeSH], neural mobilization, and neurodynamic mobilization. These terms were combined with the Boolean operator AND. We limited the search strategy to studies in English, Spanish, French, and Portuguese. We did not consider any limit in the publication date.
The PEDro scale was employed to measure the methodologic quality of the articles (Table 1 ). The validity of this scale was reported in previous studies. 24 A score of 5 points represents high quality; a score between 4 and 5 points, moderate quality; and scores lower than 4 points, low quality. 24 
RESULTS
The research strategy initially produced 118 articles. After analysis, 13 clinical trials were considered according to the inclusion criteria (Fig 1) . The characteristics of all the studies selected are summarized in Table 2 .
According to the evaluation of the quality of the studies selected, the PEDro scale indicated that all of the articles had study limitations. Almost half of the studies scored a 4 or 5 out of 11, and only 2 studies had a 9 of 11. No studies satisfied 100% of the questions of PEDro scale (Table 1) . 
✓, no; ✗, yes; 1, eligibility criteria were specified; 2, subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated in order in which treatments were received); 3, allocation was concealed; 4, groups were similar at baseline with respect to most important prognostic indicators; 5, there was blinding of all subjects; 6, there was blinding of all therapists who administered the therapy; 7, there was blinding of all assessors who measured at least one key outcome; 8, measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; 9, all subjects for whom outcome measures were available received the treatment or control condition as allocated, or, where this was not the case, data for at least one key outcome were analyzed by "intention to treat"; 10, results of between-group statistical comparisons are reported for at least one key outcome; 11, study provides both point measures and measures of variability for at least one key outcome.
Participants
The number of participants varied from 18 to 197. Among the articles that provided the gender of the participants, 4 involved only women [25] [26] [27] [28] and 3 involved women and men 22, 29, 30 ; the remaining studies did not specify gender. Five articles assessed middle-aged adults (30-59), 22, 25, 26, 28, 30 2 articles involved mixed-age groups of participants (aged 18-80), 27, 29 and 6 articles did not specify the age range.
Study Procedure
Almost all of the studies applied neural mobilization by nerve gliding, and 1 study compared neural mobilization with increasing stress on the nerve to neural mobilization with decreasing stress on the nerve. 27 Eight articles compared nerve gliding with standard care consisting of volar wrist splint and medication 3 With respect to methods assessing pain and function, the studies exhibited high variability. Two studies assessed the level of pain with the numerical pain rating scale 25, 26 ; 4 studies used a visual analog scale 19, [27] [28] [29] ; and 1 study used the pain relief scale. 31 For function, 3 studies used the Disabilities of the Arm, Shoulder, and Hand Questionnaire 22, 27, 30 ; 6 studies employed the Functional Status scale 3, 12, 26, 28, 31, 32 ; and 1 study used the Functional Status box. 29 Four articles also considered pinch and grip strength as a functional parameter. 19, 27, 28, 30 Other studies assessed pain and function at the same time with the Symptom Severity Scale, 3, 12, 26, 28, 31 24-hour symptom diary, 29 Carpal Tunnel Specific Questionnaire, 22, 26, 30 or Symptom Total Point Score. 
Pain and Pressure Pain Threshold
All articles that compared nerve gliding with standard care, such as splint or tendon/carpal mobilization, reported that all participants improved independently of nerve gliding application; in fact, 2 studies reported better results from standard care without nerve gliding, 22, 32 and only 1 reported earlier pain relief in the nerve gliding group. 19 All studies that analyzed nerve gliding as a unique treatment reported significant pain relief in all patients. 12, 25, 26 Function From investigations that compared nerve gliding with standard care, 4 studies reported better scores of function after standard care without nerve gliding exercises 22, 30, 32 or the same results independently of the nerve gliding application, 3 and 3 studies reported better function status in those participants receiving nerve gliding. 19, 28, 31 Studies that analyzed the nerve gliding exercises as an isolated treatment reported that between 71% and 93% of patients improved function.
12,25,26

Additional Outcomes
Two articles analyzed the percentage of CTS patients who underwent surgery as a main outcome of effectiveness of the nerve gliding exercises. 13, 29 Both studies reported that almost all the participants receiving nerve gliding avoided the surgical intervention.
DISCUSSION
The main findings in this systematic review refer to positive effects from median nerve mobilization. However, some studies reported similar effects of this neural technique compared with other conservative methods for treatment of CTS, and even better results from standard care. However, the low-quality methodology of some studies might have influenced the results.
Studies including neural mobilization as a clinical approach to CTS treatment reported greater and faster pain relief, decreased sensitive distal latency, time summation, and improvement of functions such as pinch grip, which avoided surgical intervention in the majority of cases. 7, 13, 19, 26, 27 Fernandez-de-las-Peñas et al. 26 and Ortega-Santiago et al. 7 reported greater pain relief in patients undergoing neural mobilization. However, the lack of a control group and the study of only one case, respectively, weakened the scientific evidence of these results. Other authors reported pain improvement only for patients performing neural mobilization 29 and decreased numbers of patients undergoing surgical treatments in all patients receiving any mobilization (neural and carpal). 29 The reduced sample may explain the lack of differences among the remaining variables. 29 Pinar et al., 19 Akalin et al., 31 and Baysal et al. 28 reported improved grip and pinch strength after tendon and nerve gliding. Because of the functional tasks the tests involve, these authors obtained higher Functional Status scores, although the treatment was combined with splinting. 31 Also, Baysal et al. assessed the group electroneurographically, finding improved sensitive distal latency that remained 4 to 8 weeks after treatment in patients performing nerve and tendon gliding exercises. 28 This finding represents the most objective measure supporting the beneficial effects of the neurodynamic approach. Supporting this finding, Park et al. reported a terminal latency index difference between median and ulnar nerves as a factor assessing the severity of CTS. 33 Thus, the improvement of this variable may directly decrease the severity status of CTS patients. However, the small sample size of the Baysal et al. study and the lack of methodologic quality in other similar studies make a solid conclusion difficult. 28 Therefore, although neural mobilization may represent a good option as an additional conservative method in CTS patients, it should be considered with caution.
With respect to patients that undergo surgical treatments, studies found a significant decrease in symptoms after tendon and nerve gliding exercises. 13 However, the lack of randomization and of a control group prevents this study from strongly concluding this as a clinical approach. 13 In contrast, some studies comparing nerve gliding exercises with other conservative methods reported similar results without any differences with the neural approach. Brininger et al. 3 found similar function status and pain levels in all patients wearing a specific wrist splint with and without nerve gliding exercises. 3 However, the main limitation concerned the severity of symptoms in patients, which might make for a more difficult resolution of CTS: several authors consider severe symptomatology a factor limiting the benefit from conservative methods in CTS. 14 Bardak et al. also obtained similar results for those patients undergoing standard conservative treatments with and without nerve gliding, and these results were superior to those obtained after treatments in which nerve gliding exercises were isolated. 32 Other studies support this finding because they report better results for patients without nerve gliding, with which most of the studies today disagree. 22, 30 Although Bialosky et al. obtained similar results when comparing sham and nerve gliding, they reported improvement in time summation only after nerve gliding exercises. 27 Because time summation is mediated by type C fibers, which involve chronic pain progression and maintenance, this finding could lead to an effective intervention to decrease the excitability of dorsal horn cells. 27 The controversy over neural mobilization as a conservative method in the treatment of CTS responds to different parameters added during the neural techniques: most studies used neural mobilization exercises that progressively stretch the nerve context, 34 without considering that the previous position of closer joints and the nervous system continuity may add tension to the technique. Authors related the increased tension because of a wrist extension with negative effects after neural mobilization 35 : the increased neural stress caused by stretching of its context along with a high mechanosensitivity may produce ectopic discharges. 36 Thus, authors using neural mobilization should avoid stretching the median nerve excessively when extending fingers in wrist extension. Some authors recommend alternate extension and flexion for the wrist with flexion and extension of the fingers, respectively, to minimize median nerve tension during exercising. 4 Several studies forgot to control the nerve gliding, including stress to the median nerve when it is advised against. 12, 26 As no studies to date have considered this difference as a possible mechanism producing different effects, we found motley results from neural mobilization in CTS symptoms. 27 Also, the participants in studies regarding CTS had heterogeneous anthropometric and social characteristics, such as female gender only, that make the comparison and extrapolation of results difficult. 25, 27, 28, 30 Despite the controversy, Totten et al. identified factors limiting the conservative method as a beneficial clinical approach: age ≥50 years, symptom duration N10 months, positive Phalen test b30 seconds, continuous paresthesia, and tenosynovitis in flexor muscles. 34 In fact, Vysata et al. reported that as CTS patients age, a longer time for recovery of distal motor latency is required, even after surgery. 37 Fernandez-de-las-Peñas et al. also considered factors determining earlier clinical improvement: pain pressure threshold over the C5-6 zygapophyseal b137 K Pa, heat pressure pain over the carpal tunnel b39.6°, and general health b66 points on the 36-item Short Form Health Survey (SF-36). 26 This finding could relate the peripheral sensitization to beneficial effects of treatments in CTS patients, instead of central sensitization. 26 In future research, authors should distinguish neural mobilization with the glissade or tension parameter to analyze the effects of both neural techniques separately, as well as include patients with homogeneous anthropometric and social characteristics.
Another important question arising from this systematic review is the low quality of the literature addressing the conservative management of CTS patients. According to the PEDro scale, 6 of the 13 studies selected in this review had 4 of 5 of the 11 items possible, and no studies satisfied the highest quality (11 items). The highest score among the studies was 9 of 11 possible. The main aspects missing referred to blinding during treatment, concealed allocation, and comparison with a control intervention. Future studies should consider these aspects to improve the quality of the studies and the subsequent results.
Despite the controversial results for nerve gliding exercises and the lack of high-quality studies, standard conservative methods had beneficial effects in CTS patients. Thus, nerve gliding exercises might be a therapy to consider as an addition to a standard conservative approach.
Limitations
This study had some limitations. Because of the strict inclusion criteria, some studies might have been excluded. However, we preferred to guarantee the existence of CTS pathology by including its electrophysiological diagnosis. Also, because we considered only those studies in English, Spanish, French, and Portuguese, studies in other languages were not included.
CONCLUSION
Neural mobilization effects remain unclear because of the glissade or tension parameter added during mobilization. Mechanical effects may differ because of the incomparability of the 2 types of mobilization. Standard conservative care seems to be the most appropriate option to improve the pain and function of individuals with CTS patients, but addition of nerve gliding exercises may improve this recovery by accelerating the rehabilitation process and avoiding the surgical intervention.
FUNDING SOURCES AND CONFLICTS OF INTEREST
No funding sources or conflicts of interest were reported for this study. 
CONTRIBUTORSHIP INFORMATION
